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speakers. Particularly, the present invention relates to an elec-
trodynamic speaker structure having MEMS technology.
More particularly, the invention relates to such a structure
comprising stator-forming means, diaphragm-forming
means, and resiliently shape-changing means for connecting
such means.
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1
ELECTRODYNAMIC SPEAKER STRUCTURE
HAVING MEMS TECHNOLOGY

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a U.S. National Phase application under
35 US.C. §371 of International Application No. PCT/
FR2011/050007, filed on Jan. 14, 2011 which claims priority
to FR 10 50330, filed Jan. 19, 2010. All of these applications
are herein incorporated by reference.

The present invention relates to an electrodynamic speaker
structure having MEMS technology.

More particularly, the invention relates to such a structure
comprising stator-forming means, diaphragm-forming
means, and resiliently shape-changing means for connecting
all of said means.

Already known from the state of the art are speaker struc-
tures of this type like that described for example in document
IEEE “Transactions on Biomedical Circuits and Systems,”
volume 3, No. 5, October 2009, for “A Compact and Low-
Cost MEMS Loudspeaker for Digital Hearing Aids,” by
Sang-Soo Je et al.

In this document, the diaphragm-forming means assume
the form of a polyimide membrane associated with stator-
forming means made based on a silicon chip.

This diaphragm-forming means structure nevertheless has
a certain number of drawbacks, in particular related to the
complexity of producing it, its power limitations, and its
output.

The invention therefore aims to resolve these problems.

To that end, the invention relates to an electrodynamic
speaker structure having MEMS technology, comprising a
stator-forming means, diaphragm-forming means, and resil-
iently shape-changing means for connecting all of said
means, characterized in that the stator-forming means, dia-
phragm-forming means, and connecting means are made of a
single part by machining a silicon chip.

According to other aspects of the invention, the speaker
structure includes one or more of the following features:

the connecting means include connecting arms regularly

distributed between the stator-forming means and the
diaphragm-forming means,

at least one of the surfaces of the diaphragm-forming

means comprises stiffening means thereof,

the stiffening means includes ribs,

the stiffening means includes radial ribs,

the diaphragm-forming means has a thickness increasing

toward the periphery thereof,

at least one of the surfaces of the diaphragm-forming

means includes a coil-forming means,

the coil-forming means comprises electrical connecting

portions supported by the connecting means,
the coil-forming means is made from copper,
at least one of the surfaces of the stator-forming means
includes a means made from a hard magnetic material,

the means made from the hard magnetic material assumes
the form of a ring arranged around the diaphragm-form-
ing means,

the means made from a hard magnetic material is made

from a Samarium-Cobalt or Iron-Neodyme-Boron alloy,
at least one of the surfaces of the diaphragm-forming
means includes blind piercings,

the mass of the coil-forming means is equal or approxi-

mately equal to the mass of the diaphragm-forming
means,
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the silicon chip in which the different means of the struc-

ture are machined is based on SOI technology, and

the chip is made from monocrystalline silicon.

The invention will be better understood using the following
description, provided solely as an example and done in ref-
erence to the appended drawings, in which:

FIG. 1 shows a perspective view with a partial cutaway of
a speaker structure according to the invention;

FIG. 2 shows an enlarged perspective view of one portion
of said structure,

FIGS. 3 and 4 show perspective views of the rear surface of
such a structure,

FIG. 5 illustrates the machining of a monocrystalline sili-
con chip to obtain a structure according to the invention,

FIGS. 6 and 7 show rear views of different alternative
embodiments of a structure according to the invention, and

FIGS. 8 to 11 show perspective views illustrating different
alternative embodiments of a speaker structure according to
the invention.

These figures, and in particular FIGS. 1 and 2, show an
electrodynamic speaker structure with MEMS technology
designated by general reference.

In general, such a structure includes a stator-forming
means designated by general reference, diaphragm-forming
means designated by general reference, and resiliently shape-
changing means, for connecting all of said means, said resil-
iently shape-changing means being designated by general
reference.

In fact and as illustrated, the stator-forming means, the
membrane-forming means, and the connecting means are
formed in a single piece by micro-structuring/machining a
silicon chip, which is for example monocrystalline, said sili-
con chip for example being based on SOI (Silicon On Insu-
lator) technology, as illustrated.

Polycrystalline silicon may also be considered.

As shown in the various FIGS. 1 to 5, and more clearly in
FIG. 5, the connecting means designated by general reference
in fact includes connecting arms regularly distributed
between the stator-forming means and the diaphragm-form-
ing means.

There may for example be four of these arms, as illustrated
in FIG. 5.

Itof course goes without saying that a different number and
different forms of the arms may be considered, as will be
described in more detail below.

In this FIG. 5, the different arms are designated by refer-
ences 5, 6, 7 and 8, respectively.

As also illustrated in these figures, at least one of the
surfaces, for example such as the rear surface of the dia-
phragm-forming means, comprises a stiffening means
thereof.

This stiffening means is designated by general reference in
these figures, and is for example made up, as more clearly
shown in FIGS. 3 and 4, of stiffening ribs, preferably radial,
one of which is for example designated by general reference.

In fact, this stiffening of the diaphragm-forming means
may be obtained by other means such as, for example, by
providing an increasing thickness of said diaphragm-forming
means, from the center toward the periphery thereof.

The other surface, for example, of this diaphragm-forming
means comprises a coil-forming means designated by general
reference in FIGS. 1 and 2.

This coil-forming means comprises electrical connecting
portions supported by the connecting means such as, for
example, the portion designated by general reference in FIG.
1, said portion for example being supported by the connecting
arm.
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This coil-forming means can for example be made from
copper, but other embodiments may of course also be consid-
ered.

Lastly, at least one of the surfaces of the stator-forming
means includes a means made from a hard magnetic material
that for example assumes the form of a ring arranged around
the diaphragm-forming means.

This means made from a hard magnetic material may be
made from a Samarium-Cobalt or Iron-Neodyme-Boron or
other alloy.

In the embodiment illustrated in FIGS. 1 and 2, the two
surfaces of the stator-forming means include such rings, said
rings being designated by general references.

These rings are then positioned on either side of the SOI
chip, a crosspiece for example being able to be associated
with the ring so that said rings are positioned symmetrically
on either side of the chip.

It will also be noted that, as illustrated in FIGS. 6 and 7, at
least one of the surfaces of the diaphragm-forming means
may comprise blind piercings such as, for example, the pierc-
ing designated by general reference in FIG. 6 or piercing in
FIG. 7, these piercings being able to assume various forms.

In fact, these piercings are designed to allow the dia-
phragm-forming means to be lightened.

Lastly, it will be noted that the mass of the coil-forming
means is equal or approximately equal to the mass of the
diaphragm-forming means to optimize the output of the struc-
ture.

One can then see that the speaker structure is made collec-
tively on a silicon substrate. Several hundreds of these struc-
tures may be made simultaneously by a “WAFER” chip, i.e. a
circular silicon disk traditionally used to produce semicon-
ductor electronic components.

The diaphragm-forming means is formed by a circular flat
surface suspended by connecting arms to the stator-forming
means.

The different forms are “micro-structured/machined” on
the substrate.

Silicon on the one hand gives the speaker surface, i.e. the
movable surface emitting the sound wave, great rigidity, and
onthe other hand allows the connecting arms to change shape,
without undergoing mechanical fatigue.

The coil-forming means is deposited “spiraled” on the
movable surface, the electrical connections being done by the
connecting arms.

A ring of a hard magnetic material fastened or deposited on
the stator-forming means creates a radial magnetic field.

The assembly produces an ironless magnetic circuit and
allows good acoustic quality.

All or part of the electrical and signal amplification pro-
cessing to power this speaker structure may be done on the
same silicon chip, which in particular allows a control of the
current of the movable coiling.

The production of the movable portion, diaphragm, and
connecting arm is done using techniques for machining sili-
con already implemented to produce accelerometer
microsensors, for example.

The diaphragm is a silicon disk with a diameter comprised
between 5 and 15 mm and a thickness of between 20 and 400
microns, for example.

In the case of a thick diaphragm, the latter is made lighter
by non-through piercings. This lightening may represent up
t0 90% of the initial mass. The movable mass is a key criterion
for the output. The movable portion must be as light as pos-
sible, but the transmitting surface, i.e. the diaphragm, must be
as rigid as possible.

10

15

20

25

30

35

40

45

50

55

60

65

4

Preferably, the first specific deformation mode of the
speaker surface must have a frequency higher than the sharp-
est frequency of the bandwidth of the structure.

The connecting arms are machined to allow the desired
movement and travel of the diaphragm.

The machining width of the space between the members is
small enough to limit sound leakage between the front surface
and rear surface of the structure.

The coil-forming means is for example made from copper
and deposited on one of the surfaces of the diaphragm using
a known method. The electrical continuity toward the mov-
able portion is obtained owing to grooves arranged on the
connecting arms. The central end of said coil-forming means
joins an arm by the opposite surface of the diaphragm, using
a known technique of electronic components.

These connecting arms can have a smaller thickness than
that of the diaphragm, so as to make them more flexible.

The movement of the movable portion must therefore be a
faithful image of the electrical signal that powers said coil,
and that signal is amplified so as to give it the necessary power
to set the diaphragm in motion.

To obtain a given acoustic power, it is necessary for a given
volume of air to be set in motion, and therefore for the dia-
phragm to move significantly enough.

The electrical and mechanical dimensioning are thus done
with that in mind, so as to obtain an acoustic source of supe-
rior quality to that obtained with the systems of the state of the
art and allowing a faithful reproduction in particular of music,
including at low frequencies, which is not the case today.

Such a structure is applicable in a number of fields due to
the considered voltages and required autonomy, in particular
in telephones, personal stereos, various music readers, etc.

Different embodiments of the invention can of course be
considered, as illustrated in FIGS. 8 to 11, different forms of
stator-forming means, diaphragm-forming means, coil and
arms can be considered.

The invention claimed is:

1. An electrodynamic speaker structure having MEMS
technology, comprising a stator-forming means, diaphragm-
forming means, and resiliently shape-changing means for
connecting all of said means, wherein the stator-forming
means, diaphragm-forming means, and connecting means are
made of a single part by machining a silicon chip; and
wherein at least one of the surfaces of the diaphragm-forming
means includes a coil-forming means, the mass of the coil-
forming means being approximately equal to the mass of the
diaphragm-forming means.

2. The electrodynamic speaker structure according to claim
1, wherein the connecting means include connecting arms
regularly distributed between the stator-forming means and
the diaphragm-forming means.

3. The electrodynamic speaker structure according to claim
1, wherein at least one of the surfaces of the diaphragm-
forming means comprises stiffening means thereof.

4. The electrodynamic speaker structure according to claim
3, wherein the stiffening means includes ribs.

5. The electrodynamic speaker structure according to claim
4, wherein the stiffening means includes radial ribs.

6. The electrodynamic speaker structure according to claim
1, wherein the diaphragm-forming means has a thickness
increasing toward the periphery thereof.

7. The electrodynamic speaker structure according to claim
1, wherein the coil-forming means comprises electrical con-
necting portions supported by the connecting means.

8. The electrodynamic speaker structure according to claim
1, wherein the coil-forming means is made from copper.
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9. The electrodynamic speaker structure according to claim
1, wherein at least one of the surfaces of the stator-forming
means includes a means made from a hard magnetic material.

10. The electrodynamic speaker structure according to
claim 9, wherein the means made from the hard magnetic 5
material assumes the form of a ring arranged around the
diaphragm-forming means.

11. The electrodynamic speaker structure according to
claim 9, wherein the means made from a hard magnetic
material is made from a Samarium-Cobalt or Iron-Neodyme- 10
Boron alloy.

12. The electrodynamic speaker structure according to
claim 1, wherein at least one of the surfaces of the diaphragm-
forming means includes blind piercings.

13. The electrodynamic speaker structure according to 15
claim 1, wherein the silicon chip in which the different means
of the structure are machined is based on SOI technology.

14. The electrodynamic speaker structure according to
claim 1, wherein the chip is made from monocrystalline sili-
con. 20

15. The electrodynamic speaker structure according to
claim 2, wherein the connecting arms have a smaller thick-
ness than that of the diaphragm-forming means.

16. An electrodynamic speaker structure having MEMS
technology, comprising elements including a stator, a dia- 25
phragm, and resiliently shape-changing connecting arms for
connecting all of said elements, wherein the stator, the dia-
phragm and the connecting arms are made of a single part by
machining a silicon chip, and wherein at least one of the
surfaces of the diaphragm includes a coil, the mass of the coil 30
being approximately equal to the mass of the diaphragm.
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